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Abstract 

In the era of modern medicine, the therapeutic use of plant-derived essential oils has been one of the fascinating fields of study for 
researchers around the globe. The plant-derived essential oils, which are a combination of volatile organic compounds may be used 
as a substitute for the treatment of pathogenic microbes. The antimicrobial properties of essential oils are extremely diverse. In 
microbial infections, essential oils create an electrochemical gradient across the cell wall which intervenes with ATP synthesis and 
can also disrupt the electron transport system (ETS) by rupturing the mitochondrial membrane. Many essential oils have antiviral 
properties that can effectively treat COVID-19. The purpose of the current review is to shed light on the antimicrobial efficacy of 
essential oils. A survey of the methods used for the determination of the interaction and mechanisms involved in the antimicrobial 
activities of essential oils are also reported as well and the applications of essential oils could be interesting COVID-19 therapeutic 
options because of their pharmacological actions. This review will attract the attention of researchers to optimize and elucidate the 


use of essential oils as green alternatives to treat the deadliest infectious diseases in living organisms. 
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1. INTRODUCTION 


During the co-evolution of plant-animals, plants 
provided a limitless source of food, fibers and 
drugs. 
important role in_ eco-friendly management. 
Naturally, plants can produce a broad range of 


Nowadays, natural products play an 


molecules, especially secondary metabolites. In 
secretory cells, epidermal cells, cavities, canals, or 
glandular hair, these metabolites are located and 
stored, which are known to have a role in 
safeguarding plants against diseases that are 
naturally produced by plants [1][2]. Essential oils 
are complex mixtures of volatile hydrocarbons and 
oxygenated hydrocarbons that make them an 
important source of biologically active compounds 
that can be utilized as a beneficial substitute and 
ecological alternatives in place of synthetic and 
chemical items, which pose greater threats to the 
environment and human health. The market for 
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essential oils is anticipated to increase from 2021 to 
2028 at a compound yearly growth rate of 7.4%, 
reaching USD 35.5 billion (according to the report 
of U.S. market CAGR) [3]. 

The search for new therapeutic alternatives has 
revealed that herbal extracts have potential 
antimicrobial actions. Essential oils or their main 
active compounds have been reported to possess a 
wide spectrum of antibacterial, antiviral, antifungal, 
antioxidant, antiparasitic, insecticidal, and cytotoxic 
properties [4]. The main components of essential oil 
can be differentiated into oxygenated compounds 
(alcohols, phenols, esters, aldehydes) and terpene 
hydrocarbons (monoterpenes, sesquiterpenes) that 
obstruct the physiological 
processes involved in_ the 
multiplication of microorganisms [5]. The usage of 
organically produced antimicrobials has 
significantly expanded over the past ten years due 


and biochemical 
development and 


to the trend of "green consumerism" that is 
currently sweeping society. This movement 
emphasizes the desire for products with less of an 
environmental impact and fewer synthetic food 
additives. On account of distinct physiochemical 
characteristics such as odors, color, solubility, 
refractive index, and specific gravity, with a wide 
range of biological activities, essential oils have 
acquired interest from the scientific community. 
Bio-preservatives are a diverse group of organic 
substances that can be used to lower or completely 
eradicate disease populations while improving the 
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Figure 1. Chemical composition and structure of essential oils [5]. 


quality of food. The use of essential oils as new 
alternative methods with high efficiency, economy 
and safety for controlling harmful cyanobacterial 
growth has received much more attention than to 
chemical agents. Furthermore, few researches on 
naturally available bioactive compounds with high 
capabilities for controlling dangerous 
cyanobacterial blooms are available and critically 


analyzed. The primary mechanisms by which 
essential oils cause cell death are activation of 
apoptosis and/or necrosis processes, cell cycle 
arrest, loss of function of vital organelles, and 
altering membranes, which may result in reduced 
ATP production, alteration of the pH gradient, and 
finally loss of mitochondrial potential, which results 
in cell death. 
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The extraction procedure is one of the most 
important factors influencing essential oil quality. 
The methods used for extraction are normally 
dependent on the state and form of botanical 
used. The of 
essential oils can be classified into two sections: 
traditional and advanced methods. Traditional 


material extraction techniques 


techniques such as hydro distillation, steam 
distillation, solvent efficiency, and so forth, 
however, advanced techniques include subcritical 
liquid extraction, supercritical fluid extraction and 
microwave-enhanced methods that increase 
biological productivity, dissipated time and energy, 
and increased production yield and high quality of 


essential oils [6]. 
2. PROPERTIES OF ESSENTIAL OILS 


In a_ globalized world of — sustainable 
development, essential oils represent a “green” 
alternative because of their cytotoxic capacity in the 
pharmaceutical, nutritional, and agricultural fields 
due to reported antiseptic, expectorant, antifungal, 
antiviral, insecticidal, antimicrobial, and antioxidant 
properties, as well as food preservative and 
stimulation of nervous system [7][8]. Due to the 
growing demand for organic products, more than 
3000 essential oils have been described, out of 
which only one-tenth is necessary for 
pharmaceutical, cosmetic and nutritional industries. 


The active ingredients in essential oils, which are a 
complex blend of hydrophobic volatile aroma 
compounds are given in Figure 1. Which gives 
them their various physiological implications. 
Among bioactive compounds of essential oil, 
monoterpenes represent 80% of the composition, 
whereas aromatic and oxygenated compounds occur 
less in essential oil than terpenes. By interfering 
with the physiological and biochemical processes 
involved in the development and multiplication of 
microorganisms, monoterpenoids have an impact on 
their growth and multiplication. Distinct terpenoid 
components in essential oils can interact with one 
another in such a way that they increase or reduce 
the antimicrobial potency of that respective oil. 
Effects after interaction between components might 
be additive, neutral, adversarial, or synergistic. The 
literature provides extensive information on the 
biological activities and assessment of essential 
oils. 


2.1. Aromatherapy Properties 

Medical herbalism has a vital role 
established area of medicine because it has been the 
oldest and most broadly used treatment for 
thousands of years. In today's era of technological 
and commercial advancement, people experience a 


in the 


wide range of mental and physical issues; as a 
result, aromatherapy is one complementary therapy 
used in the pharmaceutical industry that uses 
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Figure 2. Operating principles of essential oils in aromatherapy [13]. 
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Table 1. Classification, source and mode of action of selected essential oils. 


Plant Family Plant name 


Lamiaceae 


Hyssopus 
officinalis 


Lavandula 
angustifolia 


Lavandula 
latifolia 


Melissa 


officinalis 


Salvia 
sclarea 


Rosmarinus 
Officinalis 


Pogostemon 
Cablin 


Ocimum 
basilicum 


Mentha 
piperita 


Parts of the 
plant 


flowers and 
leaves 


flowers and 
leaves 


fresh flowers 


dried or fresh 
leaves and the 
top aerial section 
of the plant 


stems, leaves, 
flowers, and 
seeds 


leaves 


leaves and stems 


entire plant body 


flowering parts 
and leaves 


Chemical compounds 
of essential oils 


B-pinene, 
pinocamphone, 
camphor, 1,8-cineole, 
cubenene 


1,8-cineole, borneol, 
camphor, linalool 


a-terpineol, a- 
bisabolene, eucalyptol, 
linalool, camphor, a- 
pinene 


citronellal, citronellol, 
linalool, geraniol 


linalool, linalyl acetate, 
geraniol, geranyl 
acetate, nerol 


1,8-cineole, camphor, 
borneol, camphene, 
limonene, B- 
caryophyllene, 
myrcene and a- 
terpineol 


a- and B-patchoulene, 
patchoulol, B- 
caryophyllene, a- 
guaiene 


linalool, methyl 
chavicol, eugenol, 
bergamotene, methyl 
cinnamate 


menthol, menthone, 
thymol, trans- 
piperitone oxide, 
spathulenol, 1,8- 
cineole, limonene, 
methyl acetate 


Action in 


aromatherapy 


sedative, against 


allergy 


reduces the 


behavioral and 
emotional signs 
of dementia in 


people with 
Alzheimer's 


disease, against 


migraines, 


reduces stress 


and anxiety 


relaxation from 
headache, nose 


and throat 
infections 


treatment for 


controlling 


hemodynamic 
parameters and 


stress 


reduces anxiety, 
controls high 
blood pressure, 
against migraine 


treat bronchitis, 


headache 


against 
migraine, 


relieving stress 


treat anxiety, 


depression, 
migraine 


against 
migraine, 
nausea, cold, 
and flu 
symptoms 
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Ref. 


[15] 


[16] 
[17] 


[18] 


[19] 


[12] 
[16] 
[20] 


[13] 
[16] 


[16] 
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Table 1. Cont. 


: Parts of the Chemical compounds Action in 
Blane Family) Elanbname plant of essential oils aromatherapy Ret 
stem: leaves. and ~cvsenol, B- reduces the 
Syzygium flowering nade caryophyllene, severity of labor 24] 
aromaticum isoeugenol, eugenol discomfort and 
acetate, a-humulene anxiety 
reduces the 
signs of 
are a-pinene, limonene, 1,8 bronchitis, 
ies Hine leaves and fruits _ -cineole, linalool, whooping [16] 
Myrtaceae geranyl acetate cough, and other 
respiratory 
diseases 
reduces nasal 
sneezing, 
spathuleneol, carvacrol, against migraine 
Eucalyptus leaves linalool, a-terpineol, and a 
SP. pinocarvone inflammation of 
a mucous 
membrane 
analgesics, 
pu re limonene, 4-terpineol,  ©alming, motor [16] 
Citrus branches, and : a > relaxants and 
: leaves 4-carvomenthenol, : [27]- 
aurantium linaloel. stespinend antidepressants, [29] 
> Yterp treat sour throat 
activities 
limonene, 4- in opposition to 
Citrus frank peels carvomenthenol, anxiety and [30] 
Rutaceae bergamia P linalool, y-terpinene, B- stress, provide [31] 
pinene, linalyl acetate good sentiments 
limonene, B-pinene . 
: ; : : : : 2 
Citrus limon fruits linalyl acetate, a- anUsiess: [20] 
. : antianxiety [26] 
terpinene, linalool 
. limonene, myrcene, a- against 
Ci ea) . fruits pinene, linalool, migraine, | 
sinensis : [20] 
octanal, decanal reduces anxiety 
a-santalol, B-santalol, Sn 
Santalum bergamotol orate k 
Santalaceae rae wood and roots nlicifendl lances wane: ect o F [32] 
F atine: rowsiness an 
hypnosis 
R flowers citronellol, geraniol, anti-depressant, [13] 
Rosaceae oid nerol, nonadecane, to treat cardiac 
damascene ; ; : : [32] 
linalool, heneicosane infarction 
Polarconiin citronellol, linalool, 
Geraniaceae a shoots and leaves _ geraniol, citronellyl anxiolytic [20] 
Spp. formate, p-menthone 
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Table 1. Cont. 


Plant Family Plant name Parts of the 
plant 

Anthemis dried flower 
nobilis heads 

Asteraceae 
da ae whole plants 
recutita 

Oleaceae Jasminum flowers and 
officinale leaves 

Apiaceae Foeniculum coat 
vulgare 


Chemical compounds 


of essential oils aromatherapy et: 
isobutyl angelate, 2- 
methyl butyl angelate, analgesic, [16] 
2-methyl butyl antianxiety 
isobutyrate, camphene 
reduces 
whooping cough 
a-bisabolol oxide, signs a e 
camphene, sabinene, t 
limonene, 1,8-cineole, symp cia [16] 
camphor, o-pinene respiratory 
illnesses such as 
bronchitis 
benzyl acetate, linalool, 
benzyl alcohol, indole, 
einer hepeouic reduces stress [33] 
geraniol 
trans-anethole, ae 
fenchone, estragole, treat bronchitis [13] 


limonene, cis-anethole 


Bioactivities 


Action in 


(chest cold) 


essential oils as the primary therapeutic agents to 
treat a variety of ailments. In 2019, the coronavirus 
pandemic (COVID-19) became a serious global 
health concern which caused mental and physical 
agony which led to the evolution of aromatherapy 
and therefore, it gained popularity as an alternative 
treatment for various disorders. However, Jessie 
Hawkins et al., reported that inhalation of thyme, 
clove bud, orange, and frankincense essential oils 
boosts energy levels in post-COVID-19 patients. In 
this study, forty women were randomized to two 
groups: placebo and intervention. For fourteen days 
continuously, the designated product was breathed 
twice daily by both groups. The Multidimensional 
Fatigue Symptom Inventory (MFSI) was used to 
calculate fatigue scores. Fatigue score demonstrates 
how an exclusive aromatherapy combination can 
considerably boost energy levels in women who are 
feeling run down after recovering from COVID-19 
[9]-[11]. Once the oils are in the biological system, 
they remoulade the immune responses and help the 
malfunction in the affected location. Olfactory 
aromatherapy can improve states of mind that are 
negatively impacted by stress, anxiety, and other life 
factors. It can also be helpful in physical illnesses 
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linked to immune system dysfunction, such as 
cancer, herpes, allergies, asthma, arthritis, skin 
conditions, and gastrointestinal disorders (such as 
irritable bowel syndrome). Essential oils can be 
applied to the skin through a massage or cosmetics. 
Though cosmetic aromatherapy uses essential oils 
for the skin, body, face, and hair, it is more difficult 
to separate the effects of essential oils when they 
are given topically during massage. The most 
delivery 
inhalation. Essential oil inhalation is a quick, 
effective, and secure technique. 


common aromatherapy method is 


We thrive on performance, competition, and 
perfection in today's society, which elicits a sneaky 
rise in stress. Long-term exposure to stress can 
affect both physical and mental health which can 
further lead to anxiety, irritability, 
headaches, and sleeping problems. For combating 


anger, 


stress, aromatherapy is one of the holistic 
approaches, which results in the stimulation of the 
immune system, reduces tension, and boosts 
circulation. The use of essential oils during 
aromatherapy increases breathing rate, and blood 
oxygen saturation and stabilizes blood pressure, 


overall it calms the nervous system and helps the 
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Table 2. Source and bioactive compounds of selected essential oils with antioxidative properties. 


Plant Family 


Rutaceae 


Lamiaceae 


Apiaceae 


Lamiaceae 


Plantaginaceae 


Asteraceae 


Lamiaceae 


Plant Derived 
Essential oils 


Citrus aurantium 


Melisa 
officinalis, 
Mentha, 
Ocimum 
Basilium 


Cachrys sicula 


Thymus ciliates 


Kickxia aegyptiaca 


Artemisia 
aragonensis 


Six different 
populations of 
Origanum 
heracleoticum 


Major Chemical 
Compounds of 
Essential oils 


B-pinene, 
limonene, linalool, 
a-terpineol, linalyl 
acetate, geranyl 
acetate 


geranial, neral, 
piperitenone oxide, 
1,8 cineole, 
linalool, a-trans 
bergamotene 


B-pinene, sabinene, 
myrcene, o-pinene 


myrcene, borneol, 
geranyl acetate, a- 
terpinolene, B- 
ocimene, p- 
cymene 


cuminic aldehyde, 
caryophyllene 
oxide, 
hexahydrofarnesy] 
acetone, ar- 
turmerone, 
aromadendrene 
oxide 


camphor, borneol, 
1,8 cineol, and 
artemisia alcohol 


a-pinene, p- 
myrcene, o- 
cymene, thymol, y- 
muurolene, 
carvacrol 


Assay 
Methods 


DPPH, 
ABTS 
assay, and 
collagena 
se activity 


DPPH 
assay 


ABTS, 
metal 
chelating, 
DPPH 
assay 


DPPH 
and 
FRAP 
assay 


DPPH 
and 
ABTS 
assay 


FRAP, 
DPPH, 
and TAC 
assay 


DPPH 
and 

BCBT 
assays 


Antioxidant Effects 


the total phenol 
content and 
antioxidant activity of 
EO are low, 3.48 + 
0.10 mg/g, and ICs9 > 
10,000 mg L! 


ECs value after 


20 min of 
incubation = 0.68 mg/ 
mL was the highest 


antioxidant activity 
shown by basil leaves 


in the ABTS 
technique, the EO 
antioxidant activity 
was greater. 


An ICs of 4.5 g/mL 
indicated that myrcene 
has strong antioxidant 
activity. 


With ICs values for 
DPPH and ABTS of 
30.48 mg L” and 
35.01 mg L", 
respectively, the K. 
aegyptiaca EO 
demonstrated 
significant antioxidant 
activity. 


significant antioxidant 
activity as measured 
by DPPH and FRAP 
assays, with ICs9 and 
ECs values of 0.034 + 
0.004 and 0.118 + 
0.008 mg/mL, 
respectively. 


samples had a low 
DPPH value of 320.9 
ug/mL and a low 
BCBT value of 4.68 


g/mL. 


Ref. 


[42] 


[43] 


[44] 


[45] 


[46] 


[47] 


[48] 
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Table 2. Cont. 


Plant Derived Major Chemical 
Plant Family : ee Compounds of ae ds Antioxidant Effects Ref. 
Essential oils Essential oils 
R. chalepensis 
samples from 
Jerusalem, Hebron, 
linalyl acetate, B- — yppyy rahibstion ee 
Rutaceae Ruta chalepensis linalool, 2- assay of 6,940.94 wg/mL., [49] 
nonanone 
69.56%; 7.8+1.05 pg/ 
mL, 61.53%; and 
19.9+0.68 ug/mL, 
24.12%, respectively. 
ABTS radicals were 
pees substantially higher 
BCBT, 
cyperene, aad than Trolox (84.7p2/ 
Cyperaceae Cyperus rotundus emeny ABTS ml) awnercas PEPE [50] 
cyperone, (d)- ical radicals were 
limonene racica’s significantly lower 
scavengin g y 
ae (13.1ug/mL) than 
gactivity  Trolox. 
given the highest 
Foeniculu limonene, anethol percentage of 
e, fenchone, suppression of the 
Apiaceae Lesh linalool, linalyl a DPPH radical [51] 
Fame acetate, trans-B-o- FRAP (64.28%) and FRAP 
crispum, cymene, bites (0.93 mmol/L Trolox), 
Lavandula myristicin, apiole, y P. crispum had the 
officinalis a-pinene, B-pinene best antioxidant 
profile. 
: DPPH, 
payto} y-cacmnene; nitric the antiradical strength 
a-aromadendrene, : : 
E : Jatropha . oxide, of the stem was higher 
uphorbiaceae ‘oli B-bisabolene, ABTS : : h [52] 
gossypifolia epnnersne Dh 5 1n comparison to the 
7 ? lipid leaf EO. 
imonene 
peroxyl 
Apiaceae, Coriandrum 
a ai ae oP BA the antioxidant profile 
Bee caceae HiSTumt, Cuminum cumin and of mustard is 
Zin neecene cyminum, coriander seed oil, DPPH 155.16ug/mL, cumin [53] 
8 Alfio satin: linalool, p- is 163.50ug/mL, and 


coriander is 150.62 
ug/mL. 


Brassica nigra, coumaric acid 


Allium cepa, 
Curcuma 


body feel relaxed (Table 1). Due to the existence of 
essential or volatile oils, it has been observed that 
several plants can be used in aromatherapy such as 
Jasminum officinal, Ocimum basilicum, Lavandula 


officinalis, Rosa damascene, Cananga odorata and 
Anthemis nobilis are most common plants used to 
cure anxiety [12]. The application of essential oils 
can be in the form of a vapor balm, nasal inhaler, 
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lamp diffusion techniques, room sprays (air 
fresheners), or direct inhalation (a tissue or cotton 
ball with a few drops of essential oil). 
Aromatherapy is excellent at relieving stress and 
tension, improving mood, promoting balance and 
well-being, soothing minor aches and pains, and 
enhancing the immunological, respiratory, and 
circulatory systems as shown in Figure 2 [13]. 

As a result, aromatherapy is a secure, organic 
gift from nature to humans. Aside from removing 
sickness symptoms, aromatherapy also 
revitalizes the complete body. Additionally, 
essential oils can be divided into seven classes 


based on their aroma [14]. 


2.2. Food Preservative Properties 

Food is undoubtedly necessary for survival. In 
fact, according to the World Health Organisation 
(WHO), consuming tainted food causes 1 in 10 
people to become unwell every day [34]. Through 
the creation of novel, non-toxic preservatives with 

antimicrobial 
and economic 


antioxidant and 
new societal 


significant 

characteristics, 
insinuations drive an urgent need for safer food [35] 
[36]. There is a growing tendency toward the use of 
natural and safer preservatives, giving food an 
image of being natural or green/organic. Particular 
attention has focused on the applications of plant 
essential oils as food preservatives because of their 


Bacterial Cell Treated <f £ 
with Essential Oil 


non-carcinogenic and hypoallergenic nature along 
with oxidative deterioration reduction potential. 
Essential oils show strong antibacterial and food 
preservation qualities, which offer the food, sector 
significant potential. The primary barriers to 
employing essential oils as food preservatives 
include their safety restrictions, noticeable 
organoleptic effects, and potential contamination by 
chemical products like pesticides. Accordingly, 
many essential oils and the United States Food and 
Drug Administration (FDA) and the European 
Commission approved the use of these natural 
ingredients, classifying them as __ generally 
recognized as safe (GRAS) for use in food products 
as flavorings and/or preservatives [37][38]. Loss of 
organoleptic quality and nutritious content of the 
food is a desired outcome of microbial and enzyme 
inactivation. As a result, it is crucial to create 
efficient storage techniques and _ alternative 
technologies to protect and enhance food storage 
quality and shelf life. The unstable nature (less 
solubility with high instability) and pungent aroma 
of essential oils make them problematic for use as a 
direct food preservative which can alter the aroma 
and other organoleptic aspects of fresh produce 
when used simply. 

William Oyom's and his co-researchers indicate 
that modified sweet potato starch incorporated with 
cumin essential oil can be considered a suitable 
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Figure 3. Action mode of essential oils on the bacterial cell. 
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Table 3. Anticyanobacterial activity of essential oils against harmful Cyanobacteria. 


Model organism ___ Essential oil extracted from 


Microcystis 
aeruginosa, 
Cyanobium ; : 
cas oe Deinococcus metallilatus and 
oo b ilis Deinococcus radiodurans. 
Dolichospermum 
circinale. 
Microcystis : 
aeruginosa rice straw aqueous extract. 
Satureja khuzistanica 
Cochlodinium ; . ie . 
Biioiles Satureja rechingeri, Zataria 
BOY multiflora. 
Microcystis a 
aeruginosa Artemisia annua, Conyza 
Canadensis, Erigeron annuus 
Microcystis 40 medicinal plants 
aeruginosa (China) 


composite coating for preserving and maintaining 
the quality of climacteric fruits stored at ambient 
conditions [39]. When it comes to fruit juice, 
Raybaudi Massilia, Mosqueda-Melgar, and Martin- 
Belloso (2006) found that lemongrass essential oil 
(EO) and geraniol were effective at preventing the 
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Result Conclusion Ref. 
the production of 
the lethal rate of M. — deinoxanthin 
aeruginosa compounds using 
increases with an agricultural by- 
increase in the products couldbea [62] 
concentration of sustainable 
deinoxanthin cyanobacterial 
compounds. bloom-removing 
strategy. 

the chlorophyll-a as it provides an 
one of the primary alternative 
photosynthetic sustainable 
pigments in cells technology for [63] 
was damaged due to controlling the 
rice straw aqueous growth of harmful 
extract. algal blooms. 
the stability ofthe ‘the features which 

pad make a compound 
essential oil of S. 

; : favorable as an 64 
khuzistanica was ere ieee [64] 
hi : inhibitor include 

igher in the hi é 
: igh effectiveness, 
experimental ae 
: low toxicity, and 
environment. 
low cost. 
the ethyl acetate, 
petroleum ether, and 
ethanol extracts the world-wide 
from these distribution of 
composite plants Compositae plants 
. [65] 
have the potential to can also allow 
be utilized for obtaining algicidal 
control and constituent. 
mitigation of algal 
bloom. 
ee selected medicinal 
a significant 
; plants have no 
decrease in total i ing effi 
microcystin amaging effect on 
. human health, have 
concentration was ss 
: no toxic side [66] 
found in all 
effects, are 
treatment groups . 
economical, and 
compared to . 
causing no 
control. : 
pollution. 
growth of Listeria sp., Escherichia coli, and 


Salmonella sp. in pear, melon, and apple juices 
[40]. As essential oils have potent antibacterial 
properties 
which the food industry can utilize as a preservative 
or an antimicrobial ingredient in food packaging. 


against food-borne microorganisms, 


10 
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2.3. Antioxidant Properties 

Reactive oxygen species (ROS) are a group of 
damaging molecules that include singlet oxygen, 
superoxide ions, hydroxyl ions, and hydrogen 
peroxide. When there is an imbalance between free 
radicals and antioxidant defences, then free radical 
oxidizing agent damages DNA, membranes, and 
enzymes, which can result in several diseases in 
humans, including cancer, atherosclerosis, malaria, 
coronavirus disease (COVID-19), rheumatoid 
arthritis, and neurological conditions. Antioxidant 
properties of essential oils due to their chemical 
components are considered to inhibit lipid 
peroxidation and to save from damage due to free 
radicals (Table 2). Antioxidants can suppress 
oxidation chain reactions, which can be the origin 
of free radicals, which can also lead to cancer, 
atherosclerosis, and aging [41]. 


2.4. Antimicrobial Efficacy 

Pathogenic microorganisms have developed a 
resistance to antibiotics so that they can be 
environmentally safe, there has been increased 
interest in biologically active chemicals that have 
been extracted from plant species in recent years to 
eradicate pathogenic germs [54]. Numerous 
with 
characteristics are produced by plants; some of 
these substances are consistently present, whereas 


chemical substances antimicrobial 


others are secreted in reaction to stressors including 


infection, injury, predators, and changes in the 


weather. Certain studies have shown that many of 
the phenols, aldehydes, ketones, alcohols, esters, or 
hydrocarbons included in essential oils exhibit 
exceptional antimicrobial properties when tested 
separately, and that activity derives from the 
intricate interactions between the many classes of 
chemicals. The antimicrobial activity of essential 
oils can be certified by in-vitro study; diverse 
methods are used to investigate the antimicrobial 
activities of essential oils. The agar or broth 
dilution, agar diffusion, and vapor phase test are the 
most crucial ones. In this way, using essential oils 
to manage pathogenic microbes that are multi-drug 
resistant can be sufficiently used to conflict with 
various infectious diseases [55]. The antimicrobial 
efficacy of essential oil is based on the type of 
microbe to be suppressed as well as the evaluation 
techniques, such as dilution, difference, and bio- 
autography [56]. 


2.4.1. Antibacterial Properties 

Studies regarding essential oils antibacterial 
properties against the pathogens, illustrate a 
growing interest in bio-control methods instead of 
conventional synthetic antibiotics. Disease caused 
due to bacteria on plants may lead to significant 
economic impact. The majority of research on the 
antibacterial capabilities of essential oils has been 
done in the context of food preservation or health 
concerns. Most essential oils show a_ higher 
antibacterial effect against Gram-positive bacteria 


Figure 4. Phases of viral-cycle influenced by essential oil. 
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Targets plasma membrane, specifically on initial stages 
of ergosterol synthesis. 


Acts on nucleus, especially interfere with DNA 
synthesis. 


Acts on ergosterol’s biosynthetic pathway resulting in 
membrane fluidity increase and accumulation of toxic sterol. 


Targets plasma membrane, increases the membrane fluidity and may 
lead to cell death. 


Figure. 5 Major Compounds of Essential Oils and their Antifungal Action [75]. 


in comparison to Gram-negative bacteria. For 
example, Chrysopogon zizanioides and Santalum 
album essential oils show higher inhibitory effects 
against the Gram-positive bacterial strains but no 
inhibitory effects against Gram-negative bacterial 
strains (Pseudomonas aeroginosa ATCC 9027, 
Escherichia coli 0157:H7 ATCC 4389). Essential 
oils and their compounds are endowed with the 
important quality of hydrophobicity. This enables 
essential oils to separate through the lipids found in 
bacterial cell membranes and _ mitochondria, 
ultimately resulting in the death of bacterial cells 
due to the effusion of important ions and molecules 
from bacterial cells. An antibacterial property was 
associated with the frequency of the main bioactive 
like eugenol, carvacrol, and p-cymene. The 
antibacterial effect of essential oils was related to 
diminished membrane potentials, proton pumps, 
and ATP destruction. Similarly, tea tree oil 
suppresses the progress of S. aureus and E. coli by 
cellular enhancing the 


changing permeation, 


depletion of inner cellular potassium ions, and 
disrupting the organization of un-similar fatty acids, 
lipids, and polysaccharides substances [57]. Figure 
3 shows the essential oil mechanism of action of an 
antibacterial including inhibitions of metabolic 
pathways, protein synthesis, nucleic acid synthesis, 
and cell wall formation. 

Multidrug-resistant bacterial strains such as 
Acinetobacter baumannii and Pseudomonas 
aeruginosa whose action was inhibited by geraniol 
which was identified as an active compound of the 
and increased the 


essential oils significantly 


efficacy of various antibiotic classes, including B- 
lactams and quinolones and act as efflux pump 
inhibitors [58]. colonies 
infectious were treated with EO of Thymus 


Helicobacter _ pylori 


caramanicus and Apium nodiflorum to control the 
infection, and as a result of the experiment, their 
respective MIC values were 12.5 g/mL and 14.5 — 
58.0 g/mL [59][60]. 


2.4.2. Anticyanobacterial Properties 

Excessive growth of toxin-producing blue-green 
algae in a water body leads to the formation of 
harmful cyanobacterial bloom. The growth and 
spread of cyanobacteria are influenced by a variety 
of abiotic and biotic variables. The driving impetus 
behind the formation and spread of cyanobacterial 
blooms, according to researchers, are anthropogenic 
Control of 
cyanobacterial blooms is crucial and urgently 
needed because the proliferation of cyanobacteria 


eutrophication and climate change. 


limits transparency and light penetration into the 
aquatic ecosystem, which has an impact on the 
growth of primary benthic producers. 
Cyanobacterial blooms could be eliminated or 
controlled by using several physical, chemical, and 
biological techniques which affect their 
morphological and physiological characteristics. 

As prospective synthetic algicidal agents, natural 
compounds derived from a variety of organisms, 
such as seaweeds, plants, and microorganisms, have 
been studied. Since the isolates used in the research 
cultivated in a 


were completely different 


environment from the wild strains, the results may 
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change in the actual environment. Many factors are 
considered when it comes to field trials, like, the 
area of the experimental site, location, and climatic 
conditions, to maintain laboratory conditions such 
as temperature, pH, and photoperiod, are highly 
challengeable. The mitigation process is hampered 
by other biological components that are present in 
the environment. There is an urgent need for 
additional study on the efficiency of control agents, 
particularly for harmful cyanobacterial blooms and 
their interactions with other species and aquatic life. 
A wide variety of cyanobacterial species are still 
unexplored. Cyanotoxins are produced by bloom- 
forming cyanobacteria such Microcystis, Anabaena, 
and Planktothrix. The generation of cyanotoxins by 
stressed cyanobacteria may enhance the risk to the 
environment and human health as a result of 
changing aquatic environmental conditions. 
Controlling cyanobacteria before they bloom can 
lessen the dangers cyanotoxins present to human 
health. Only widespread applications of essential 
oils that have undergone thorough testing and are 
ecologically sound should be regarded as feasible 


(Table 3) [61]. 


2.4.3. Antiviral Properties 

According to existing biochemical and molecular 
biological tests, the described in vitro and in vivo 
research highlight the baseline data about the most 
recent discoveries of the antiviral and virucidal 
effects of essential oils on enveloped and non- 
enveloped viruses. Rapid screening and isolation of 
bioactive individuals, which is necessary for the 
discovery and development of novel antiviral drugs, 
can be accomplished. Essential oils are lipophilic by 
nature so, their antiviral effects most likely alter or 
obstruct viral membrane proteins that are necessary 
for host-cell attachment [66]. According to the 
literature survey, numerous essential oils have been 
proven to have antiviral properties against a variety 
of RNA and DNA viruses, including the type 1 and 
type 2 herpes simplex viruses (HSV-1 and HSV-2), 
type 2 dengue viruses, type 3 adenovirus, Junin 
virus, poliovirus and coxsackie virus Bl. The 
essential oil from Salvia desoleana Atzei and 
Vincenzo Picci substantially reduced the acyclovir- 
HSV-2 strains with an_ effective 
concentration value (ICs) of 28.57g/mL, 
significantly lower concentration than that of 


resistant 
a 
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acyclovir (71.84 g/mL). Further, 
inhibition of herpes virus replication and prevention 


reported an 


of cell-to-cell spread by using Santolina insularis 
EO in vitro. Certain types of non-enveloped DNA 
and RNA viruses, such as the poliovirus, coxsackie 
virus B1, and adenovirus type 3, are resistant to the 
antiviral effects of Syzygium aromaticum and 
Origanum vulgare essential oils [67]. It's interesting 
that some ingredients, including 1,8-cinole and 
eugenol, are ineffective against HSV-1 yet have 
high anti-influenza properties. Other oxygen- 
bearing substances including terpinen-4-ol and oa- 
santalol have also been reported to be important 
bioactive substances against influenza virus (IFV). 
This finding suggests that 
components of anti-HSV and $anti-influenza 
properties may be additive. A hypothesis that has to 
be that terpene 
hydrocarbons are more efficient against HSV and 
oxygenated terpenes against IFV. WHO officially 
announced the pandemic on March 11", 2020 [68]- 
[73] and at that time no antiviral treatment and 
vaccines were available against the corona virus. In 


discordant some 


verified is non-oxygenated 


such a circumstance, a broad spectrum such as 
essential oil seems relevant. 

Envelope viruses are protected by a lipid 
membrane allowing them to be safe from the eyes 
of the immune system. To attack a wrapped virus, a 
fat-soluble active ingredient is needed. Essential 
oils are fat-soluble therefore; the virus is affected by 
the intracellular action of essential oils at various 
stages during its life cycle such as inhibition of 
replication by changing the spatial conformation of 
their proteins or by replacing hydroxyl group of 
these proteins as given in Figure 4. A cell can resist 
viral infiltration and adsorption by attaching 
aromatic molecules to virus receptors. Through in 
silico analysis, antiviral and virucidal molecules in 
essential oils have been discovered that can prevent 
the entry of viruses into our cells. Another benefit 
of using this analysis is for estimating the binding 
affinity of essential oil compounds to viral/ host cell 
proteins to explain and demonstrate their biological 
effects. Using the molecular docking method, it was 
possible to demonstrate that many compounds (e.g., 
isothermal, organosulfur compounds, 1,8-cineole, 
jensenone, and others) may exert relatively strong 
binding to the viral and host cell-specific target 
molecules that are crucial for virus-cell adsorption 
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Table 4. Action mechanism of essential oils against pathogenic fungi in plants and humans. 


Targeted fungi 


Alternaria 
solani 


Aspergillus 
flavus 


Claviceps 
purpurea 


Colletotrichum 


capsici 


Fusarium 
oxysporum 


Fusarium 


verticillioides 


Penicillium 
Spp., 


Aspergillus spp. 


Penicillium 
italicum 


Phytophthora 


infestans 


Pythium spp. 


Vaginal 
candidiasis 


Disease caused by 
fungi 


early blight 


rot and mold, 
aflatoxins 
production, 
aspergillosis 


ergotism 


leaf spot 


Fusarium wilt 
(vascular disease) 


oesophageal tumors 


cardiac beriberi 


blue mold 


late blight 


root rot 


vaginal infection 


Essential oil extracted 
from 


Angelica archangelica 


Mentha x piperita, 
Origanum spp., 
Rosmarinus officinalis 
L., Schinus mole L. and 
Tagetes minuta L. 


Ocimum basilicum and 
Vetiveria zizanioides 


Juniperus Sabina 


Cestrum nocturnum 


Metasequoia 
glyptostroboides 


Piper chaba 


18 Egyptian plant 
species 


Metasequoia 
glyptostroboides 


Eucalyptus erythrocytes 


Zingiber officinale, 
Cinnamomum 
zeylanicum, 
Cymbopogon martini 


Cymbopogon martini 
Melaleuca alternifolia 


Illicum verum 
Thymus spp. 


Rosmarinus officinalis 


Citrus sinensis 
Cadenera, Citrus limon 
Eureka, and Citrus 
bergamia Castagnaro 


Thymus spp. 


Origanum majorana L. 
Thymus spp. 
Mikania scandens 


Syzygium aromaticum 


Pelargonium graveolens 
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Mechanism of action 


antifungal 


effect on membrane 


inhibition of mycelia 
growth 


suppression of spore 
germination 

effect on spore 
germination 


antifungal 


effect on spore 
germination 


inhibition of mycelia 
growth and spore 
germination 


antifungal 


growth inhibition 


structural damage to the 
fungal cell wall, decreased 
conidia size, and mycelial 
reduction. 


effect on membrane 


inhibition of spore 
germination 

inhibits spore germination 
inhibitory effects on 


sporulation, mycelial 
growth 


antifungal 

synergistic/ antagonistic 
inhibiting mycelium 
development 

antifungal 


antifungal 


antifungal 
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Ref. 


[79] 


[80] 


[81] 
[82] 
[83] 


[84] 


[85] 


[86] 


[87] 


[88] 


[89] 


[90] 


[91] 
[92] 


[93] 


[94] 
[95] 


[96] 
[97] 
[98] 


[99] 


Bioactivities 


(ACE2, TMPRSS2, RBD), penetration/ 
internalization (RBD), and replication (Mpro) [74]. 


2.4.4. Antifungal Properties 

Fungi have vast economic importance like in 
antibiotics production and _ agriculture by 
maintaining soil fertility. However, fungi are also 
to both agricultural 
production and the health of immune-compromised 
as well as healthy individuals. Fungi cause huge 


responsible for threats 


economic losses to agriculture; they are responsible 
for nearly 30% of all crop diseases. In Figure 5, 
echinocandis allylamines, pyrimidines, azole 
derivatives, and polyenes are major constituents of 
essential oils with antifungal properties. 
Numerous scientific studies have emphasized the 
significance and consequently, the contribution of 
such as_ Asteraceae, 
Solanaceae, Rutaceae, 


numerous plant families, 
Liliaceae, Apocynaceae, 

Piperaceae, etc., used as healthy plants [76]. Fungi 
directly damage the host plants and animals by 
producing mycotoxins such as _ alfatoxins 
(carcinogens). Control of phytopathogenic fungi 
such as Alternaria, Botrytis, Fusarium, Penicillium, 
and Rhizoctonia are the most studied ones. Due to 
the presence of phytochemical components, the EO 
shows antifungal activity [75]. Several methods 
used to evaluate the antifungal effects of essential 
oils were the serial broth or agar dilution, poisoned 
food test, disk diffusion, 
examination of nuclear condensation, and detection 
of damage to the plasma membrane. As essential 


spore germination, 


oils contain useful compounds, few are described in 
the table that increase their value in the research 
area (Table 4) [77]. The most prevalent fungus- 
that affect people 
candidiasis, and mold 


related illnesses include 


aspergillosis, infections 
caused by Scedosporium spp, mucorales, Fusarium 
spp, Aspergillus spp, and Candida can be controlled 
by treating with Essential oils of Cinnamomum 
zeylanicum, Cymbopogon citrates, Mentha piperita, 
Melaleuca alternifolia, etc. [78]. 


3. CONCLUSIONS 


Essential oils are frequently described as the 
plant's inherent They are natural 
hydrophobic plant products containing a complex 


essence. 


mixture of components, especially terpenoids. The 


advancement of essential oils is based on their 
potential as versatile bioactive molecules. The 
research on the antimicrobial activity of essential 
oils makes it quite obvious that these substances are 
endowed with special antibacterial, antifungal, and 
antiviral capabilities and therefore, can be used as 
antimicrobial agents. Under the volatile and low 
toxicity nature essential oils persistency is lower 
than that of synthetic chemicals, so, essential oils 
are easy, less expensive, environmentally beneficial 
and biodegradable to use on a global level. The 
application of essential oils promotes sustained 
healing and reduces stress without any adverse side 
effects. 
nutritional, and agricultural fields due to their 
antimicrobial properties, essential oils cannot 


Despite being used in the medical, 


substitute the usage of synthetic goods meanwhile 
when compared to commercial treatments, essential 
oils' antibacterial effects against some microbial 
strains are not as potent. Recovering from COVID- 
19 by the application of essential oils provides a 
novel, non-invasive approach to improving quality 
of life and is beneficial for mental endurance. 
Moreover, the advancement of systems of 
biochemistry coupled with biotechnology for 
employing green substitutes might help rural 
farmers and consumers in developing countries to 
meet the demand for eco-friendly goods. Essential 
oils remain a strong prospect for future treatments, 
but there is still a tremendous of work that must be 
done before we can truly incorporate them into the 
current pharmaceutical, nutritional, and agricultural 
sectors. 


AUTHOR INFORMATION 


Corresponding Author 
Neelam Atri — Department of Botany, Mahila 


Mahavidyalaya-Banaras Hindu University, 
Varanasi-22 1005 (India); 
Email: neelam1409@bhu.ac.in 

® orcid.org/0000-0002-7554-6505 

Authors 
Nidhi Singh — Department of Botany, Mahila 
Mahavidyalaya-Banaras Hindu University, 


Varanasi-22 1005 (India); 
® orcid.org/0009-0003-3303-2033 


Rupanshee Srivastava — Department of 


(Gl) PANDAWA 


Botany, Mahila Mahavidyalaya-Banaras Hindu 
University, Varanasi-221005 (India); 

© orcid.org/0000-0002-4404-1803 
Tripti Kanda — Department of Botany, Mahila 
Mahavidyalaya-Banaras Hindu 
Varanasi-22 1005 (India); 

@ orcid.org/0009-0008-6208-6520 
Sadhana Yadav — Department of Botany, 
Mahila Mahavidyalaya-Banaras Hindu 
University, Varanasi-221005 (India); 

© orcid.org/0009-0003-8 173-1971 
Rajesh Prajapati — Department of Botany, 
Mahila Mahavidyalaya-Banaras Hindu 
University, Varanasi-221005 (India); 

® orcid.org/0000-0002-7013-6312 
Shivam Yadav — Department of Botany, 
University of Allahabad, Prayagraj-211002 
(India); 

® orcid.org/0000-0001-9746-2962 
Kavindra Nath Tiwari 
Botany, Mahila Mahavidyalaya-Banaras Hindu 
University, Varanasi-221005 (India); 

@ orcid.org/0000-0002-895 1-9057 


University, 


— Department of 


Author Contributions 

N.S., R.S., R.P. and N.A. made substantial 
contributions to the conception of the work and 
drafted the work; N.S. made a contribution in 
preparing figures and the tables of the manuscript; 
Sh. Y. and K.N.T. reviewed the manuscript with the 
inputs from other co-authors; T.K. and Sa.Y. edited 
the manuscript and approved the version to be 
published with input from other co-authors. 


Conflicts of Interest 
The authors declare no conflict of interest. 


ACKNOWLEDGMENTS 


The authors would like to thank the University 
Grant Commission (UGC), New Delhi for 
providing financial assistance. 


REFERENCES 
[1] Q. W. Zhang, L. G. Lin, and W. C. Ye. 


(2018). 
isolation of 


"Techniques for extraction and 


natural _— products: a 


comprehensive review". Chinese 


[2] 


[3] 


[4] 


[5] 


[6] 


[7] 


[8] 


[9] 


Bioactivities 


Medicine. 13 : 20. 10.1186/s13020-018-0177 


-X. 
A. Papadochristopoulos, J. P. Kerry, N. 
Fegan, C. M. Burgess, and G. Duffy. (2021). 
"Natural Anti-Microbials for Enhanced 
Microbial Safety and Shelf-Life of Processed 
Packaged Meat". Foods. 10 (7). 10.3390/ 
foods 10071598. 

B. N. Paulino, G. N. S. Silva, F. F. Araujo, I. 
A. Néri-Numa, G. M. Pastore, J. L. Bicas, 
and G. Molina. (2022). "Beyond natural 
aromas: The bioactive and technological 
potential of monoterpenes". Trends in Food 
Science & Technology. 128 188- 
201. 10.1016/).tifs.2022.08.006. 

T. Khan, M. A. Khan, Z. U. Mashwani, N. 
Ullah, and A. Nadhman. = (2021). 
"Therapeutic potential of medicinal plants 
against COVID-19: The role of antiviral 
medicinal metabolites". 


Biocatalysis and 
Agricultural Biotechnology. 31 
101890. 10.1016/j.bcab.2020.101890. 

A. K. Pandey, P. Kumar, P. Singh, N. N. 
Tripathi, and V. K. Bajpai. (2016). "Essential 
Oils: 
Preservatives". Frontiers in Microbiology. 7 : 
2161. 10.3389/fmicb.2016.02161. 

J. B. Sharmeen, F. M. Mahomoodally, G. 
Zengin, and F. Maggi. (2021). "Essential Oils 
as Natural Sources of Fragrance Compounds 


Sources of Antimicrobials and Food 


for Cosmetics and 
Cosmeceuticals". Molecules. 26 (3). 10.3390/ 
molecules26030666. 

M. Akhtar and I. Mahmood. (1994). 
"Potentiality of phytochemicals in nematode 
control: A review". Bioresource 
Technology. 48 (3): 189-201. 10.1016/0960- 
8524(94)90146-5. 

H. J. Dorman and S. G. Deans. (2000). 


"Antimicrobial agents from plants: 
antibacterial activity of plant volatile 
oils". Journal of Applied 


Microbiology. 88 (2): 308-16. 10.1046/j.1365 
-2672.2000.00969.x. 

J. Hawkins, C. Hires, L. Keenan, and E. 
Dunne. (2022). 
thyme, orange, clove bud, and frankincense 
boosts energy levels in post-COVID-19 
female patients: 


"Aromatherapy blend of 


A randomized, double- 


Bioactivities 


[10] 


[11] 


[12] 


[13] 


[14] 


[15] 


[16] 


[17] 


blinded, placebo controlled clinical 
trial". | Complementary Therapies __ in 
Medicine. 67 102823. 10.1016/ 


j.ctim.2022.102823. 

A. U. Khan, I. J. Ema, A. S. Afsana, A. U. 
Khan, A. Zannaty, M. F. Faruk, and S. 
Rahman. (2021). "Effects of Coronavirus 
Disease (COVID-19) on Agricultural Sectors 
in Bangladesh: A Review". Jnternational 
Journal for Asian 
Research. 1 (1): 89-97. 

A. U. Khan, A. U. Khan, R. Roy, M. Uddin, 
S. Noreen, S. Tasnim, and Y. S. Pane. 
(2022). "A Review on the Positive and 
Negative Effects of COVID-19 in the Human 
Life and Environment". Azerbaijan Medical 
Hournal. 62 (06): 4181-4202. 

B. Ali, N. A. Al-Wabel, S. Shams, A. 
Ahamad, S. A. Khan, and F. Anwar. (2015). 
"Essential oils used in aromatherapy: A 
systemic review". Asian Pacific Journal of 


Contemporary 


Tropical Biomedicine. 5 (8):  601- 
611. 10.1016/j.apjtb.2015.05.007. 
M. Acimovi¢. (2021). "Essential oils: 


Inhalation aromatherapy-a comprehensive 
review". Journal of Agronomy, Technology 
and Engineering Management. 4 : 547-557. 
R. A. Herman, E. Ayepa, S. Shittu, S. S. 
Fometu, and J. Wang. (2019). "Essential oils 
their 
review". Advances in Nutrition and Food 
Science. 4 (4). 

F. Fatemeh. (2011). "A review on Hyssopus 
officinalis L.: Composition and biological 


and applications-a mini 


activities". African Journal of Microbiology 
Research. 5 (17). 10.5897/ajpp 11.527. 

O. Nautiyal. (2014). "Arthritis and migraine 
aromatherapy formulations with no_ side 


effects". European Journal of Chemistry. 1 : 
19-14. 

D. Scuteri, L. A. Morrone, L. Rombola, P. R. 
Avato, A. R. Bilia, M. T. Corasaniti, S. 
Sakurada, T. Sakurada, and G. Bagetta. 
(2017). "Aromatherapy and Aromatic Plants 
for the 
Psychological Symptoms of Dementia in 


Treatment of Behavioural and 


Patients with Alzheimer's Disease: Clinical 
Evidence and Possible 


17 


[18] 


[19] 


[20] 


[21] 


[22] 


[23] 


[24] 


[25] 


Mechanisms". Evidence-Based 
Complementary and Alternative 
Medicine. 2017 


9416305. 10.1155/2017/9416305. 
W. Steflitsch, D. Wolz, G. Buchbauer, and I. 


Stadelmann.(2013). "Aromatherapie in 
wissenschaft und praxis". Stadelmann, 
Wiggensbach. 

A.  Veiskaramian, M. Gholami, _ S. 


Yarahmadi, P. Amanolahi Baharvand, and M. 
Birjandi. (2021). "Effect of aromatherapy 
with Melissa essential oil on stress and 
hemodynamic parameters in acute coronary 
syndrome patients: A clinical trial in the 
emergency department". Complementary 
Therapies in Clinical Practice. 44 
101436. 10.1016/j.ctep.2021.101436. 

W. N. Setzer. (2009). "Essential Oils and 
Anxiolytic Aromatherapy". Natural Product 
Communications. 4 (9). 10.1177/1934578x0 
900400928. 

M. H. Shahrajabian, W. Sun, and Q. Cheng. 
(2020). "Chemical components and 
pharmacological benefits of Basil (Ocimum 


basilicum): a review". International Journal 
of Food Properties. 23 (1): 1961- 
1970. 10.1080/10942912.2020.1828456. 

Y. Ahmadi, J. Rezaei, M. Rezaei, and A. 
Khatony. (2020). "Comparison of the Effect 
of Inhalation Aromatherapy with 10% and 
30% 
Severity of Nausea in Abdominal Surgery 


Peppermint Essential Oils on the 
Patients". Evidence-Based Complementary 
and Alternative Medicine. 2020 
5897465. 10.1155/2020/5897465. 

I. Camele, D. Grulova, and H. S. Elshafie. 
(2021). "Chemical Composition and 
Antimicrobial Properties of Mentha x piperita 
cv. 'Kristinka' Essential Oil". Plants 
(Basel). 10 (8). 10.3390/plants 10081567. 

P. Tongnuanchan and S. Benjakul. (2014). 
"Essential oils: extraction, bioactivities, and 
their uses for food preservation". Journal of 
Food _ Science. 79 (7): R1231- 
49. 10.1111/1750-3841.12492. 

R. D. C. Werner and A. D. B. Merz. (2007). 
"Committee on Herbal Medicinal Products 
(HMPC)". European Medicines Agency, 
London. 


[26] 


[27] 


[28] 


[29] 


[30] 


[31] 


[32] 


B) 


Y.R. Shah, D. J. Sen, R. N. Patel, J. S. Patel, 
A. D. Patel, and P. M. Prajapati. (2011). 
"Aromatherapy: The doctor of natural 
harmony of body & mind". Jnternational 
Journal of Drug Development 
Research. 3 (1): 286-294. 

M. P. Leite, J. Fassin Jr, E. M. F. Baziloni, R. 
N. Almeida, R. Mattei, and J. R. Leite. 
(2008). "Behavioral effects of essential oil of 
Citrus i, in 
rats". Revista Brasileira de 
Farmacognosia. 18 : 661-666. 10.1590/s0102 
-695x2008000500003. 

N. S. Dosoky and W. N. Setzer. (2018). 
"Biological Activities and Safety of Citrus 
spp. Essential Oils". International Journal of 
19 (7). 10.3390/ 


and 


aurantium inhalation 


Molecular Sciences. 


iyms19071966. 
M. K. Okla, S. A. Alamri, M. Z. M. Salem, 


H. M. Ali, S. I. Behiry, R. A. Nasser, I. A. 
Alaraidh, S. M. Al-Ghtani, and W. Soufan. 
(2019). "Yield, Phytochemical Constituents, 
and Antibacterial Activity of Essential Oils 
from the Leaves/Twigs, Branches, Branch 
Wood, and Branch Bark of Sour Orange 
(Citrus aurantium 
L.)". Processes. 7 (6). 10.3390/pr7060363. 
E. Watanabe, K. Kuchta, M. Kimura, H. W. 
Rauwald, T. Kamei, and J. Imanishi. (2015). 
"Effects of bergamot ( Citrus bergamia 
(Risso) Wright & Ar.) 
aromatherapy on mood states, 
parasympathetic nervous system activity, and 
salivary cortisol levels in 41 _ healthy 
females". Forsch Komplementmed. 22 (1): 43 
-9. 10.1159/000380989. 

X. Han, J. Gibson, D. L. Eggett, and T. L. 
Parker. (2017). "Bergamot (Citrus bergamia) 
Essential Oil Inhalation Improves Positive 
Feelings in the Waiting Room of a Mental 
Health Treatment Center: <A _ Pilot 
Study". Phytotherapy Research. 31 (5): 812- 
816. 10.1002/ptr.5806. 

Y. Zhong, Q. Zheng, P. Hu, X. Huang, M. 
Yang, G. Ren, Q. Du, J. Luo, K. Zhang, J. Li, 
H. Wu, Y. Guo, and S. Liu. (2019). "Sedative 
and hypnotic effects of compound Anshen 
essential oil inhalation for insomnia". BMC 
Medicine 


essential oil 


Complementary and 


ANDAWA 
NSTITUTE 


18 


[33] 


[34] 


[35] 


[36] 


[37] 


[38] 


[39] 


Bioactivities 


Therapies. 19 (1): 306. 10.1186/s12906-019- 
2732-0. 

T. A. Kuo. (2017). "A study about the 
inhibition effect of jasmine essential oil on 


the central nervous system". Journal of 
Health Sciences. 7 : 67-72. 

W. WHO. (2015). "WHO estimates of the 
global diseases: 
Foodborne disease burden epidemiology 
reference group 2007-2015". World Health 
Organization. 

B. Prakash, A. Kedia, P. K. Mishra, and N. 
K. Dubey. (2015). "Plant essential oils as 
food preservatives to control 


burden of foodborne 


moulds, 


mycotoxin contamination and _ oxidative 
deterioration of agri-food commodities — 
Potentials and challenges". Food 
Control. 47 381-391.  10.1016/ 
j.foodcont.2014.07.023. 

H. Falleh, M. Ben Jemaa, K. Djebali, S. 
Abid, M. Saada, and R. Ksouri. (2019). 
"Application of the mixture design for 
optimum antimicrobial activity: Combined 
of Syzygium  aromaticum, 
Cinnamomum zeylanicum, Myrtus 


communis, and Lavandula stoechas essential 


treatment 


oils against Escherichia coli". Journal of 
Food Processing and 
Preservation. 43 (12). 10.1111/jfpp.14257. 

M. Hyldgaard, T. Mygind, and R. L. Meyer. 
(2012). "Essential oils in food preservation: 


mode of action, synergies, and interactions 
with food matrix components". Front 
Microbiol. 3 12. 10.3389/ 
fmicb.2012.00012. 

M. B. Jemaa, H. Falleh, R. Serairi, M. A. 
Neves, M. Snoussi, H. Isoda, M. Nakajima, 
and R. Ksouri. (2018). "Nanoencapsulated 
Thymus capitatus essential oil as natural 


preservative". Innovative Food Science & 
Emerging Technologies. 45 : 92-97. 10.1016/ 
j.ifset.2017.08.017. 

W. Oyom, H. Xu, Z. Liu, H. Long, Y. Li, Z. 
Zhang, Y. Bi, R. Tahergorabi, and D. Prusky. 
(2022). "Effects of modified sweet potato 
starch edible coating incorporated with cumin 


essential oil on storage quality of ‘early 
crisp’". Lwt. 153. 10.1016/ 
j.lwt.2021.112475. 


Bioactivities 


[40] 


[41] 


[42] 


[43] 


[44] 


[45] 


[46] 


R. M. Raybaudi-Massilia, J. Mosqueda- 
and O. Martin-Belloso. (2006). 
"Antimicrobial activity of essential oils on 
Salmonella enteritidis, Escherichia coli, and 


Melgar, 


Listeria innocua in fruit juices". Journal of 
Food _ Protection. 69 (7): 1579- 
86. 10.43 15/0362-028x-69.7.1579. 

A. F. Ahmed, F. A. K. Attia, Z. Liu, C. Li, J. 
Wei, and W. Kang. (2019). "Antioxidant 
activity and total phenolic content of 


essential oils and extracts of sweet basil 
(Ocimum basilicum L.) plants". Food 
Science and Human Wellness. 8 (3): 299- 
305. 10.1016/j.fshw.2019.07.004. 

C. Oulebsir, H. Mefti-Korteby, Z.-E. 
Djazouli, B. Zebib, and O. Merah. (2022). 
"Essential Oil of Citrus aurantium L. Leaves: 


Composition, Antioxidant Activity, Elastase 


and Collagenase 
Inhibition". Agronomy. 12 (6). 10.3390/ 
agronomy 12061466. 


Z. S. Tli¢, L. Milenkovic, N. Tmusgic, L. 
Stanojevic, J. Stanojevic, and D. Cvetkovicé. 
(2022). "Essential oils content, composition 
and antioxidant activity of lemon balm, mint 
and sweet basil from 
Serbia". L[wt. 153. 10.1016/ 
j.lwt.2021.112210. 

S. Tahar, B. Hamdi, G. Flamini, O. Mehmet, 
M. E. Duru, M. Bruno, and F. Maggi. (2022). 
"Chemical 


composition, antioxidant and 
anticholinesterase activity of the essential oil 
of algerian cachrys sicula L". Natural 
Product Research. 36 (16): 4094- 
4102. 10.1080/14786419.2021.1969567. 
A. Souadia. (2022). "Chemical Composition 
and Antioxidant Activity of Thymus ciliatus 
(Desf.) Benth. Essential Oils of 
Algeria". Natural Product 
Communications. 17 (2). 10.1177/1934578x2 
21080337. 
A. M. Abd-ElGawad, Y. A. El-Amier, G. 
Bonanomi, A. Gendy, A. M. Elgorban, S. F. 
and A. I. Elshamy. (2022). 
Composition of Kickxia 
aegyptiaca Essential Oil and Its Potential 
Antioxidant and Antimicrobial 
Activities". Plants (Basel). 11 (5). 10.3390/ 


plants] 1050594. 


Alamery, 
"Chemical 


19 


[47] 


[48] 


[49] 


[50] 


[51] 


[52] 


[53] 


K. Chebbac, H. K. Ghneim, A. El 
Moussaoui, M. Bourhia, A. El Barnossi, Z. 
Benziane Ouaritini, A. M. Salamatullah, A. 
Alzahrani, M. A. M. Aboul-Soud, J. P. Giesy, 
and R. Guemmouh. (2022). "Antioxidant and 
Antimicrobial Activities of Chemically- 
Characterized Essential Oil from Artemisia 


aragonensis Lam. against Drug-Resistant 
Microbes". Molecules. 27 (3). 10.3390/ 
molecules2703 1136. 


M. Marrelli, F. Araniti, M. R. Abenavoli, G. 
Statti, and F. Conforti. (2018). "Potential 
Health Benefits of Origanum heracleoticum 
Essential Oil: Phytochemical and Biological 
Variability among Different Calabrian 
Populations". Natural Product 
Communications. 13 (9). 10.1177/1934578x1 
801300921. 

N. Jaradat, L. Adwan, S. K'Aibni, A. N. Zaid, 
M. J. Y. Shtaya, N. Shraim, and M. Assali. 
(2017). "Variability of 
Compositions and Antimicrobial and 
Antioxidant Activities of Ruta chalepensis 
Leaf Essential Oils from Three Palestinian 
BioMed 
International. 2017 
2672689. 10.1155/2017/2672689. 
Q. P. Hu, X. M. Cao, D. L. Hao, and L. L. 
Zhang. (2017). "Chemical Composition, 
Antioxidant, DNA Damage 
Cytotoxic and Antibacterial Activities of 


Chemical 


Regions". Research 


Protective, 


Cyperus rotundus Rhizomes Essential Oil 
against Foodborne Pathogens". Scientific 
Reports. 7 : 45231. 10.1038/srep45231. 

I. Marin, E. Sayas-Barbera, M. Viuda- 
Martos, C. Navarro, and E. Sendra. (2016). 
"Chemical Composition, Antioxidant and 
Antimicrobial Activity of Essential Oils from 
Organic Fennel, Parsley, and Lavender from 
Spain". Foods. 5 (1). 10.3390/foods5010018. 
S. O. Okoh, B. C. Iweriebor, O. O. Okoh, U. 
U. Nwodo, and A. I. Okoh. (2016). 
"Antibacterial and Antioxidant Properties of 


the Leaves and Stem Essential Oils of 
Jatropha gossypifolia L". BioMed Research 
International. 2016 

9392716. 10.1155/2016/9392716. 

A. Bag and R. R. Chattopadhyay. (2015). 
"Evaluation of Synergistic Antibacterial and 


(5) PANDAWA 


[54] 


[55] 


[56] 


[57] 


[58] 


[59] 


[60] 


[61] 


Antioxidant Efficacy of Essential Oils of 
Spices and Herbs in Combination". PLoS 
One. 10 (7): 00131321.  10.1371/ 
journal.pone.0131321. 

H. C. Lee, S. S. Cheng, and S. T. Chang. 
(2005). "Antifungal property of the essential 
oils and their constituents from 
Cinnamomum osmophloeum leaf against tree 
pathogenic fungi". Journal of the Science of 


Food and Agriculture. 85 (12): 2047- 
2053. 10.1002/jsfa.2216. 

A. Pauli and H. Schilcher. (2009). In: 
"Handbook of Essential Oils". 353- 
547. 10.1201/9781420063165-c12. 

M. L. Faleiro. (2011). "The mode of 


antibacterial action of essential oils". Science 
against microbial pathogens: communicating 


current research and ___ technological 
advances. 2 : 1143-1156. 

N. Puvaca, J. Milenkovic, T. Galonja 
Coghill, V. Bursic, A. Petrovic,  S. 


Tanaskovic, M. Pelic, D. Ljubojevic Pelic, 
and T. Miljkovic. (2021). "Antimicrobial 
Activity of Selected Essential Oils against 
Selected Pathogenic Bacteria: In Vitro 
Study". Antibiotics (Basel). 10 (5). 10.3390/ 
antibiotics 10050546. 

A. Lamut, L. Peterlin Masic, D. Kikelj, and 
T. Tomasic. (2019). "Efflux pump inhibitors 
of clinically relevant multidrug resistant 


bacteria". Medicinal Research 
Reviews. 39 (6): 2460-2504. 10.1002/ 
med.21591. 


F. Eftekhar, F. Nariman, M. Yousefzadi, J. 
Hadian, and S. N. Ebrahimi. (2009). "Anti- 
Helicobacter pylori activity and Essential Oil 
Composition of Thymus caramanicus from 
Tran". Natural Product 
Communications. 4 (8). 10.1177/1934578x09 
00400825. 

L. Menghini, L. Leporini, B. Tirillini, F. 
Epifano, and S. Genovese. (2010). "Chemical 
composition and inhibitory activity against 


Helicobacter pylori of the essential oil of 
Apium nodiflorum (Apiaceae)". Journal of 
Medicinal Food. 13 (1): 228-30. 10.1089/ 
jmf.2009.0010. 

J. Shao, R. Li, J. E. Lepo, and J. D. Gu. 
(2013). "Potential for control of harmful 


ANDAWA 
NSTITUTE 


[62] 


[63] 


[64] 


[65] 


[66] 


[67] 


[68] 


Bioactivities 


cyanobacterial blooms using biologically 


derived substances: problems and 
prospects". Journal of Environmental 
Management. 125 149-55. 10.1016/ 


j.jenvman.2013.04.001. 

W. Kim, M. Kim, M. Hong, and W. Park. 
(2021). "Killing effect of deinoxanthins on 
cyanobloom-forming Microcystis aeruginosa: 


Eco-friendly production and specific activity 
of deinoxanthins". 
Research. 200 
j.envres.2021.111455. 
Q. Hua, Y.-g. Liu, Z.-l. Yan, G.-m. Zeng, S.- 
b. Liu, W.-j. Wang, X.-f. Tan, J.-q. Deng, X. 
Tang, and Q.-p. Wang. (2018). "Allelopathic 
effect of the rice straw aqueous extract on the 


Environmental 
111455.  10.1016/ 


growth of Microcystis 
aeruginosa". Ecotoxicology and 
Environmental Safety. 148 953- 


959. 10.1016/j.ecoenv.2017.11.049. 

M. Barani, M. Yousefzadi, and M. Moezi. 
(2014). "Essential oils, new source of 
algicidal compounds". Journal of Applied 
Phycology. 27 (1): 267-273. 10.1007/s10811- 
014-0343-1. 

L. Ni, X. Hao, S. Li, S. Chen, G. Ren, and L. 
Zhu. (2011). "Inhibitory effects of the 
extracts with different solvents from three 


compositae plants on 
Microcystis aeruginosas". Science China 
Chemistry. 54 (7): 1123-1129. 10.1007/ 
$11426-011-4269-z. 

Y.-L. Yi, Y. Lei, Y.-B. Yin, H.-Y. Zhang, 
and G.-X. Wang. (2011). "The antialgal 
activity of 40 medicinal plants against 


cyanobacterium 


Microcystis aeruginosa". Journal of Applied 
Phycology. 24 (4): 847-856. 10.1007/s10811- 
011-9703-2. 

J. Reichling, P. Schnitzler, U. Suschke, and 
R. Saller. (2009). "Essential oils of aromatic 
plants with antibacterial, antifungal, antiviral, 
and cytotoxic properties--an 
overview". Forsch Komplementmed. 16 (2): 
79-90. 10.1159/000207196. 

A. U. Khan, A. A. Proma, M. Akter, M. M. 
Rahaman, and S. Das. (2020). "A Review on 
Coronavirus Disease (COVID-19) Epidemic 
Threat for Global Health in 2020". American 
Journal of Microbiological Research. 8 (2): 


Bioactivities 


[69] 


[70] 


[71] 


[72] 


[73] 


[74] 


[75] 


[76] 


[77] 


57-62. 
A. Ullah Khan, R. Akter, F. Ullah Khan, S. 
Khanom, A. Ullah Khan, and A. Shiddika 
Afsana. (2021). "Second Wave and Pandemic 
Situation of | Covid-(2020-2021) 
Bangladesh". Qubahan Academic 
Journal. 1 (4): 25-31. 10.48161/qaj.v1n4a74. 
A. Ullah Khan, R. Akter, F. Ullah Khan, S. 
Khanom, S. Tasnim, A. Ullah Khan, A. 
Shiddika Afsana, and B. Das. (2022). "Covid 
-19: Increase the Infestation and Death Rate 
2021 


in 


on July-August in 
Bangladesh". Qubahan Academic 
Journal. 2 (1): 14-23. 10.4816 1/qaj.v2n1a93. 
A. Ullah Khan, R. Akter, F. U. Khan, S. 
Khanom, B. Das, A. U. Khan, and A. S. 
Afsana. (2022). "Comorbidities, Infections, 
and Mortalities of COVID-19 in Bangladesh 
During May-June 2021". 
Journal of Infection. 9 (2): 
118083. 

A. U. Khan. (2022). "Due To the Covid-19 
Situation, the Death Rate in Bangladesh Has 
Decreased From July-December 
2021". Clinical Medicine And _ Health 
Research Journal. 2 (4): 155-159. 10.18535/ 
cmhrj.v214.67. 

A. U. Khan, S. Noreen, S. Tasnim, A. U. 
Khan, and Y. S. Pane. (2022). 
"Information and Communication 
Technology (ICT) Frameworks in Telehealth, 
(TELe-Health, ch. Chapter 9". 145- 
158. 10.1007/978-3-031-05049-7_9. 

J. Reichling. (2022). "Antiviral and Virucidal 
Properties of Essential Oils and Isolated 
Compounds - A Scientific Approach". Planta 
Medica. 88 (8): 587-603. 10.1055/a-1382- 
2898. 

M. D'Agostino, N. Tesse, J. P. Frippiat, M. 
Machouart, and A. Debourgogne. (2019). 
"Essential Oils and Their Natural Active 
Compounds Presenting Antifungal 
Properties". Molecules. 24 (20). 10.3390/ 
molecules24203713. 

S. Verma and S. Singh. (2008). "Current and 
future status of herbal medicines". Veterinary 
World. 2 (2). 10.5455/vetworld.2008.347- 
350) 

A. Abd Rashed, D. G. Rathi, N. A. H. Ahmad 


International 
10.581 2/iji- 


In: 


21 


[78] 


[79] 


[80] 


[81] 


[82] 


[83] 


[84] 


Nasir, and A. Z. Abd Rahman. (2021). 
"Antifungal Properties of Essential Oils and 
Their Compounds for Application in Skin 


Fungal Infections: Conventional and 
Nonconventional 

Approaches". Molecules. 26 (4). 10.3390/ 
molecules26041093. 


A. U. Khan, I. J. Ema, M. R. Faruk, S. A. 
Tarapder, A. U. Khan, S. Noreen, and M. 
Adnan. (2021). "Review on Importance of 
Artocarpus heterophyllus L. 
(Jackfruit)". Journal of Multidisciplinary 
Applied Natural Science. 1 (2): 106- 
116. 10.47352/jmans.v1i2.88. 

R. A. Bowden, P. Ljungman, and D. R. 
Snydman.(2012)." Transplant infections. 

D. Fraternale, G. Flamini, and D. Ricci. 
(2014). of 
Angelica archangelica L. (Apiaceae) roots 
and its antifungal activity against plant 


"Essential oil composition 


pathogenic fungi". Plant Biosystems - An 
International Journal Dealing with all 
Aspects of Plant Biology. 150 (3): 558- 
563. 10.1080/11263504.2014.988190. 

B. X. Camiletti, C. M. Asensio, L. Pecci 
Mde, and E. I. Lucini. (2014). "Natural 
control of corn postharvest fungi Aspergillus 


flavus and Penicillium sp. using essential oils 
from plants grown in Argentina". Journal of 
Food _ Science. 79 (12): M2499- 
506. 10.1111/1750-3841.12700. 

M. Atif, S. Ilavenil, S. Devanesan, M. S. 
AlSalhi, K. C. Choi, P. Vijayaraghavan, A. 
A. Alfuraydi, and N. F. Alanazi. (2020). 
"Essential oils of two medicinal plants and 
protective properties of jack fruits against the 
spoilage bacteria and fungi". Industrial Crops 
and Products. 147. 10.1016/ 
j.indcrop.2020.112239., 

A. Smakosz, W. Kurzyna, M. Rudko, and M. 


Dasal. (2021). "The Usage of Ergot 
(Claviceps purpurea (fr.) Tul.) in Obstetrics 
and Gynecology: A Historical 


Perspective". Toxins (Basel). 13 (7). 10.3390/ 
toxins 13070492. 

S. M. Al-Reza, A. Rahman, Y. Ahmed, and 
S. C. Kang. (2010). "Inhibition of plant 
pathogens in vitro and in vivo with essential 
extracts of Cestrum 


oil and organic 


(5) PANDAWA 


[85] 


[86] 


[87] 


[88] 


[89] 


[90] 


e) 


nocturum L". Pesticide Biochemistry and 
Physiology. 96 (2): 86-92. 10.1016/ 
j-pestbp.2009.09.005. 

V. K. Bajpai, M. J. Cho, and S. C. Kang. 
(2010). "Control of Plant Pathogenic Bacteria 
of Xanthomonas spp. by the Essential Oil and 
Extracts of Metasequoia glyptostroboides 
Miki ex Hu In vitro and In vivo". Journal of 
Phytopathology. 158 (7-8): 479- 
486. 10.1111/,.1439-0434.2009.01646.x. 

A. Rahman, S. M. Al-Reza, and S. C. Kang. 
(2010). "Antifungal Activity of Essential Oil 
and Extracts of Piper chaba Hunter Against 
Phytopathogenic Fungi". Journal of the 
American Oil Chemists' Society. 88 (4): 573- 
579. 10.1007/s11746-010-1698-3. 

M. E. I. Badawy and S. A. M. Abdelgaleil. 
(2014). 
activity of essential oils isolated from 
Egyptian plants against plant pathogenic 


"Composition and antimicrobial 


bacteria and fungi". Industrial Crops and 
Products. 52 776-782. 10.1016/ 
j.indcrop.2013.12.003. 

A. U. Khan, M. S. A. Talucder, M. Das, S. 
Noreen, and Y. S. Pane. (2021). "Prospect of 
The Black Pepper (Piper nigrum L.) as 
Natural Product Used to an _ Herbal 
Medicine". Open Access Macedonian 
Journal of Medical Sciences. 9 (F): 563- 
573. 10.3889/oamjms.2021.7113. 

A. Ben Ghnaya, M. Hanana, I. Amri, H. 
Balti, S. Gargouri, B. Jamoussi, and L. 
Hamrouni. (2013). "Chemical composition of 


Eucalyptus erythrocorys essential oils and 
evaluation of their herbicidal and antifungal 
activities". Journal of Pest Science. 86 (3): 
571-577. 10.1007/s10340-013-0501-2. 

J. C. Castro, G. C. Pante, B. M. Centenaro, R. 
T. R. Almeida, E. J. Pilau, B. P. Dias Filho, 
S. A. G. Mossini, B. A. Abreu Filho, G. 
Matioli, and M. Machinski Junior. (2020). 
"Antifungal and antimycotoxigenic effects of 


Zingiber officinale, Cinnamomum 
zeylanicum and Cymbopogon  martinii 
essential oils against Fusarium 
verticillioides". Food Additives and 


Contaminants - Part A Chemistry, Analysis, 


Control, Exposure and Risk 
Assessment. 37 (9): 1531- 
deri a 


22 


[91] 


[92] 


[93] 


[94] 


[95] 


[96] 


[97] 


Bioactivities 


1541. 10.1080/19440049.2020.1778183. 

A. C. da Rocha Neto, B. B. Navarro, L. 
Canton, M. Maraschin, and R. M. Di Piero. 
(2019). "Antifungal activity of palmarosa 
(Cymbopogon martinii), tea tree (Melaleuca 


alternifolia) and star anise (Illictum verum) 
essential oils against Penicillium expansum 
and their mechanisms of action". Lw¢t. 105 : 
385-392. 10.1016/j.lwt.2019.02.060. 

H. Boubaker, H. Karim, A. El Hamdaoui, F. 
Msanda, D. Leach, I. Bombarda, P. Vanloot, 
A. Abbad, E. H. Boudyach, and A. Ait Ben 
Aoumar. (2016). "Chemical characterization 


and antifungal activities of four Thymus 
species essential oils against postharvest 
fungal pathogens of citrus". Industrial Crops 
and Products. 86 95-101. 10.1016/ 
j.-indcrop.2016.03.036. 

S. Ben Kaab, I. B. Rebey, M. Hanafi, C. 
Berhal, M. L. Fauconnier, C. De Clerck, R. 
Ksouri, and H. Jiakli. (2019). "Rosmarinus 
officinalis essential oil as an_ effective 
antifungal and herbicidal agent". Spanish 


Journal of Agricultural 
Research. 17 (2):  10.5424/sjar/2019172- 
14043. 


S. Messgo-Moumene, Y. Li, K. Bachir, Z. 
Z. Bouznad, and F. Chemat. 
(2014). "Antifungal power of citrus essential 
oils against potato late blight causative 
Journal of — Essential Oil 
Research. 27 (2): 169- 
176. 10.1080/10412905.2014.982877. 

V. M. Thanh, L. M. Bui, L. G. Bach, N. T. 
Nguyen, H. L. Thi, and T. T. Hoang Thi. 
(2019). "Origanum majorana L. Essential Oil 


Houmani, 


agent". 


-Associated Polymeric Nano Dendrimer for 
Antifungal Activity against Phytophthora 
infestans". Materials 
(Basel). 12 (9). 10.3390/mal2091446. 

B. J. Maissa and H. Walid. (2015). 
"Antifungal activity of chemically different 
essential oils from wild Tunisian Thymus 
spp". Natural Product Research. 29 (9): 869- 
73. 10.1080/14786419.2014.984182. 

S. A. Siddiqui, R. Islam, R. Islam, A. H. M. 
Jamal, T. Parvin, and A. Rahman. (2017). 
"Chemical composition and antifungal 


properties of the essential oil and various 


Bioactivities 


[98] 


extracts of Mikania scandens _ (L.) 
Willd". Arabian Journal of Chemistry. 10 : 
$2170-S2174. 10.1016/j.arabjc.2013.07.050. 
M. d. S. Campelo, E. O. Melo, S. P. Arrais, 
F. B. S. A. d. Nascimento, N. V. Gramosa, S. 
d. A. Soares, M. E. N. P. Ribeiro, C. R. d. 
Silva, H. V. N. Junior, and N. M. P. S. 
Ricardo. (2021). "Clove essential oil 
encapsulated on nanocarrier based on 
polysaccharide: A strategy for the treatment 
Colloids 
Physicochemical 


of vaginal candidiasis". and 


Surfaces A: and 


23 


[99] 


Engineering Aspects. 610. 
j.colsurfa.2020.125732. 

M. K. dos Santos, T. Kreutz, L. J. Danielli, J. 
G. B. De Marchi, B. Pippi, L. S. Koester, A. 
M. Fuentefria, and R. P. Limberger. (2020). 
"A chitosan hydrogel-thickened 
nanoemulsion containing Pelargonium 
graveolens essential oil for treatment of 
vaginal candidiasis". of Drug 
Delivery Science and 
Technology. 56. 10.1016/j.jddst.2020.101527. 


10.1016/ 


Journal 


